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DESCRIPTION 



PATH ERROR MONITORING METHOD AND APPARATUS 

THEREOF 

5 

TECHNICAL FIELD 

The present invention relates to path 
error monitoring methods and apparatuses thereof and, 
more particularly, to a path error monitoring method 
10 and an apparatus thereof for properly monitoring for 
errors in a communication path. 

BACKGROUND ART 

As communication becomes more important, 

15 there is a stronger demand that a high-quality 

stable communication path be offered. With this 
background, a system in which a communication path 
has redundancy is generally adopted. In addition, 
it becomes important to properly monitor for errors 

20 in the communication path and eliminate the errors 
as much as possible. 

Recently, particularly with respect to a 
transmission network, the SDH (Synchronous Digital 
Hierarchy) interface is mainly used in a synchronous 

25 network. In North America, the SDH interface is 

adopted as SONET (Synchronous Optical Network) . In 
SDH, a cross connecting operation and a switching 
operation are performed for an individual path. 

FIG. 1 shows, for instance, an STM-1 

30 (Synchronous Transport Module Level 1) interface 

(155 Mbps) in SDH. In an STM-1 interface, one AU4 
(Administrative Unit) or three AU3s can be 
accommodated therein. FIG. 1 illustrates the case 
where three AU3s are accommodated in the STM-1 

35 interface. An AU3 is formed by adding AUPTR (AU 
Pointer) to VC3 (Virtual Container 3) + FS (Fixed 
Staf fbyte) , and the three AU3s are byte-interleaved- 
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multiplexed. In FIG. 1, dotted X s in SOH (Section 
OverHead) represent that the bytes are not used. 

In FIG. 1, AUPTR that is formed of HI, H2 
and H3 bytes in SOH indicates individual frames of 
5 VC3+FS, in this case, relative phases (positions) 
with respect to SOH. In detail, AUPTR indicates 
positions of Jl bytes in POHs (Pass OverHead) . In 
addition, AUPTR uses B3 bytes in POHs to monitor a 
path error. 

10 At a path terminal point in a sender side, 

for each frame of VC3(+FC)s, BIP (Bit Interleaved 
Parity) is computed in operation ranges as shown in 
dotted areas in FIGS. 2(A) and 2(B) and then the 
operation result is inserted into B3 byte in POH in 

15 the next frame. Here, FIG. 2(A) illustrates a case 
of VC3 of SDH, and FIG. 2(B) illustrates a case of 
STS-1 of SONET. 

At a path terminal point in a receiver 
side, BIP is computed in a manner similar to the 

20 sender side. By comparing the operation result with 
the received B3 byte, each communication path is 
monitored for communication path errors . In BIP 
operation, the operation ranges in FIGS. 2(A) and 
2(B) are partitioned by a unit of byte (8 bits) and 

25 an even parity operation result of the last bit bO 
in each byte is inserted into the last bit bO in B3 
byte. A similar operation is also performed for the 
other bits bl through b7 . Also, the insertion in B3 
byte is performed only for transmission apparatuses 

30 located at path terminal points. The insertion in 
B3 byte is not performed for a transmission 
apparatus that carries out a path cross-connecting 
operation and a path switching operation halfway 
through a communication path. 

35 There are a large number of parts for 

performing a parallel process of 2 n (generally 8) 
bits with respect to signal processing in a 



-3- 



transmission apparatus. As a first problem, when 
these parts for performing the parallel process have 
trouble such that, for instance, a part for 
processing a bit fixes the bit as "0" or "1" due to 
5 a short circuit and so on, it is impossible to 

detect such an error in a conventional BIP operation. 

In a network where transmission 
apparatuses A, B, C and D are connected as shown in 
FIG. 3, a redundant communication path such as BLSR 

10 (Bidirectional Line Switched Ring) is provided 

between the transmission apparatuses B and C. Here, 
there are path terminal points in the transmission 
apparatuses A and D, and the transmission 
apparatuses B and C between the path terminal points 

15 serve to monitor the B3 byte and switch the 

communication path when a path error is detected 
therein. When a path error occurs between the 
transmission apparatuses A and B, the transmission 
apparatus C cannot restore communication between the 

20 transmission apparatuses A and B by switching the 
path. Thus, in this case, the transmission 
apparatus C basically does not have to switch the 
path. However, since delay difference actually 
arises in the redundant communication paths between 

25 the transmission apparatuses B and C, time lag is 
caused with respect to the path error detection in 
the transmission apparatus C. In this case, if a 
path error is detected in a currently used 
communication path, there arises an unnecessary path 

30 switching operation in that the communication path 
is switched to an alternative communication path 
although an error is not detected at this time. As. 
a second problem, although this path switching 
operation is not necessary, an administrator is 

35 informed that the system has trouble. 

DISCLOSURE OF INVENTION 



It is an object of the present invention 
to provide a path error monitoring method and 
apparatus that can determine whether or not there is 
an error with respect to only a redundant 
communication path when a communication path 
includes the redundant communication path in the 
middle thereof and detect trouble such that a part 
for performing a parallel process in the 
communication path is fixed as "0" or "1". 

In order to achieve the above-mentioned 
objects, there is provided according to one aspect 
of the present invention a path error monitoring 
method for monitoring an error in a communication 
path in a synchronous network by using an error 
detection code inserted into a first predetermined 
byte in the overhead of transmitted information, 
comprising the steps of: performing an error 
detection code operation for a predetermined range 
of the transmitted information in a sender side; 
inserting the obtained error detection code into a 
second predetermined byte different from the first 
predetermined byte in the overhead of the 
transmitted information and sending the inserted 
transmitted information; performing an error 
detection code operation for a predetermined range 
of the inserted transmitted information received in 
a receiver side; and monitoring an error in a 
communication path between the sender side and the 
receiver side by comparing the obtained error 
detection code with the second predetermined byte in 
the inserted transmitted information. 

According to the above-mentioned path 
error monitoring method, even if a redundant 
communication path is provided in the middle of a 
communication path, it is possible to determine 
whether or not there arises an error with respect to 
only the redundant communication path. As a result, 
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it is possible to avoid 
switching operation due 
stream to the redundant 



an unnecessary path 

to an error in the upper 

communication path. 



5 BRIEF DESCRIPTION OF DRAWINGS 

Other objects, features and advantages of 
the present invention will become more apparent from 
the following detailed description when read in 
conjunction with the accompanying drawings. 
10 FIG. 1 is a diagram for explaining an STM- 

1 interface in SDH; 

FIG. 2 is a diagram illustrating a BIP 
operation range; 

FIG. 3 is a diagram illustrating a 
15 structure of a network including redundant 
communication paths ; 

FIG. 4 is a block diagram of a sender side 
circuit according to a first embodiment of the 
present invention ; 
20 FIG. 5 is a signal timing chart of 

individual parts of the sender side circuit; 

FIG. 6 is a diagram illustrating an 
example of an EOR operation; 

FIG. 7 is a block diagram of a receiver 
25 side circuit according to the first embodiment of 
the present invention; 

FIG. 8 is a signal timing chart of 
individual parts of the receiver side circuit; 

FIG. 9 is a diagram illustrating an 
30 example of path selection control by a selection 
control part; 

FIG. 10 is a block diagram illustrating an 
example of a conventional sender side circuit for 
performing an uninterruptible switching operation; 
35 FIG. 11 is a diagram illustrating a multi- 

frame pattern generated by a multi-frame generating 
part ; 



FIG. 12 is a block diagram illustrating an 
example of a conventional receiver side circuit for 
performing an uninterruptible switching operation; 

FIG. 13 is a block diagram illustrating a 
sender side circuit for performing an 
uninterruptible switching operation according to a 
second embodiment of the present invention; 

FIG. 14 is a diagram illustrating contents 
inserted into the Jl byte according to the present 
invention ; and 

FIG. 15 is a block diagram illustrating a 
receiver side circuit for performing an 
uninterruptible switching operation according to the 
second embodiment of the present invention. 



BEST MODE FOR CARRYING OUT THE INVENTION 

A description will now be given, with 
reference to the accompanying drawings, of 
embodiments of the present invention. 

In the present invention, a sender side in 
a communication path has an operation circuit for 
performing a BIP operation for the same (or 
different) operation range as a conventional BIP 
operation in which the B3 byte is used and an 
insertion circuit for inserting a BIP operation 
result into an unused byte other than the B3 byte in 
POHs, such as the Jl byte. A receiver side in the 
middle of the communication path has a circuit for 
comparing the BIP operation result with the unused 
byte such as the Jl byte. In this configuration, 
the present invention can overcome the second 
problem. In addition, at this time, the present 
invention can overcome the first problem by 
periodically using the inserted/checked BIP 
operation result directly (even parity) /inversely 
(odd parity) . Such sender and receiver sides are 
not limited to transmission apparatuses in the 
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middle of a communication path. For instance, when 
the sender and receiver sides are adopted as an 
input part and an output part, respectively, in one 
transmission apparatus, it . is possible to monitor an 
5 error inside the transmission apparatus. 

In the following, the present invention 
will be described by using the example where the 
operation range is the same as the conventional BIP 
operation in which the B3 byte is used and the 

10 operation result is inserted into the Jl byte in the 
POH of the next frame . 

FIG. 4 shows a block diagram of a sender 
side circuit according to the first embodiment of 
the present invention. FIG. 5 shows a signal timing 

15 chart of individual parts of the sender side circuit. 
This sender circuit is provided to the transmission 
apparatus B in FIG. 3. In FIG. 4, a pointer 
detecting part (PTRDET) 20 detects AUPTR (AU 
Pointer) from sender path data in FIG. 5(A) supplied 

20 in an 8 bit parallel form. If AUPTR has all "l"s 
therein, the pointer detecting part 20 detects a 
path alarm (AU-AIS, AU-LOP) . Also, if the pointer 
detecting part 20 does not detect any path alarm, 
the pointer detecting part 20 generates various 

25 timings. Then, the pointer detecting part 20 

supplies path alarm information and Jl byte phase 
information shown in FIG. 5B to a Jl 

detecting/inserting part (JIDET/Ins.) 22, the path 

alarm information and B3 byte phase information 
30 shown in FIG. 5E to a B3 detecting/inserting part 

(B3DET/ Ins . ) 24, and operation range information to 

a BIP operating part 26. 

The Jl detecting/inserting part 22 

directly supplies the sender path data other than 
35 the Jl byte to the B3 detecting/ inserting part 24. 

Based on the phase information in FIG. 5B from the 

pointer detecting part 20, the Jl 
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detecting/inserting part 22 retains the Jl byte 
phase information in FIG. 5B in the sender path data 
and inserts a BIP operation result shown in FIG. 5B 
from the BIP operating part 26 into the Jl byte 
5 phase. Furthermore, the Jl detecting/inserting part 
22 supplies difference information (FIG. 5D) , in 
detail, an EOR (Exclusive OR) operation result by a 
unit of one bit, between the retained Jl byte phase 
information and the inserted BIP operation result to 
10 the B3 detecting/inserting part 24. Here, if the Jl 
detecting/inserting part 22 receives a path alarm 
from the pointer detecting part 20, the Jl 
detecting/inserting part 24 directly passes all the 
sender path data to the B3 detecting/inserting part 
15 24 without performing the above-mentioned process. 

The B3 detecting/inserting part 24 
directly supplies the sender path data other than 
the B3 byte to the BIP operating part 26 and a 
distributing part (DIS) 28. Based on the phase 
20 information from the pointer detecting part 20 shown 
in FIG. 5E, the B3 detecting/inserting part 24 
retains the B3 byte phase information in the sender 
path data and inserts difference information between 
the B3 byte phase information and the difference 
25 information from the Jl detecting/ inserting part 22 
in FIG. 5D into the B3 byte phase again. In detail, 
the B3 detecting/inserting part 24 performs the EOR 
operation by a unit of one bit between the B3 byte 
phase information and the difference information 
30 from the Jl detecting/ insert ing part 22 in FIG. 5(D) 
and then inserts the difference information into the 
B3 byte phase. again. The inserted data are shown as 
a signal in FIG. 5(H). 

As mentioned above, the EOR operated 
35 difference information is provided to the B3 byte as 
a feedback. If the BIP operation result is inserted 
into the Jl byte in the operation range of the B3 
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byte, there arises a B3 byte error in the receiver 
side. Thus, the value of the B3 byte is determined 
in accordance with the value of the Jl byte in which 
the BIP operation value is inserted in order to 
5 avoid the above-mentioned B3 byte error. Here, if 
the B3 detecting/inserting part 24 receives a path 
alarm from the pointer detecting part 20, the' B3 
detecting/inserting part 24 directly passes all the 
sender path data to the BIP operating part 26 and 

10 the distributing part 28 without performing the 
above-mentioned process . 

Based on the operation range from the 
pointer detecting part 20, the BIP operating part 26 
performs the BIP operation and then supplies the BIP 

15 operation result shown in FIG. 5(1) to the Jl 

detecting/inserting part 22. The distributing part 
28 branches the signal in FIG. 5(H) and then 
delivers the branched signal to communication paths 
a and /3 . 

20 FIG. 6 shows an example of the EOR 

operation. The Jl detecting/ insert ing part 22 
performs the EOR operation of the Jl byte in FIG. 
6(A) and the BIP operation result in FIG. 6(B) and 
then obtains 1 byte difference information shown in 

25 FIG. 6(C). Then, the B3 detecting/ inserting part 24 
further performs the EOR operation of the difference 
information in FIG. 6(C) and the retained B3 byte 
data in FIG. 6(D) and then obtains 1 byte difference 
information. After that, the B3 detect ing/ inserting 

30 part 24 inserts the obtained 1 byte difference 
information into the B3 byte phase again. 

FIG. 7 is a block diagram of a receiver 
side circuit according to the first embodiment of 
the present invention. FIG. 8 shows a signal timing 

35 chart of individual parts of the receiver side 

circuit. This receiver side circuit is provided to 
the transmission apparatus in FIG. 3. In FIG. 7, a 
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pointer detecting part 30A detects an AU pointer 
from receiver path data in FIG. 8(A) received 
through the communication path a in the 8 bit 
parallel form. If AUPTR has all "l"s therein, the 
5 pointer detecting part 30A detects a path alarm (AU- 
AIS, AU-LOP) . Also, if the pointer detecting part 
30A does not detect any path alarm, the pointer 
detecting part 30A generates various timings based 
on the pointer value. Then, the pointer detecting 

10 part 30A supplies operation range information to a 

BIP operating part 32A, an error detection timing to 
an error detecting part (ERRORDET) 34A, path alarm 
information and Jl byte phase information in FIG. 
8(D) to a Jl detecting/inserting part 36A, the path 

15 alarm information and B3 byte phase information in 
FIG. 8(H) to a B3 detecting/ insert ing part 38A, and 
the path alarm information to a selection control 
part (SELCONT) 40 . 

Based on the operation range from the 

20 pointer detecting part 30A, the BIP operating part 

32A performs the BIP operation and then supplies the 
BIP operation result shown in FIG. 8(B) to the error 
detecting part 34A. The error detecting part 34A 
compares the operation result from the BIP operating 

25 part 32A with Jl byte phase information shown in FIG. 
8(F) which Jl detecting/inserting part 36A extracts 
from the receiver path data and then supplies the 
comparison result, that is, error information, shown 
in FIG. 8(C) to the selection control part 40. 

30 The Jl detecting/inserting part 36A 

directly passes the receiver path data other than 
the Jl byte to the B3 detecting/inserting part 38A. 
Based on the phase information from the pointer 
detecting part 30A, the Jl detect ing/ insert ing part 

35 36A retains the Jl byte phase information in FIG. 

8 (F) in the receiver path data and then supplies the 
Jl byte phase information to the error detecting 



part 34A. After that, the Jl detect ing/ inserting 
part 36A inserts fixed data (for instance, "FF" in 
the hexadecimal form) shown in FIG. 8(E) into the Jl 
byte phase. As a result, it is possible to restore 
an original value of the Jl byte in which the BIP 
operation value is inserted in the sender side. 
Here, the fixed data indicating the original value 
of the Jl byte is set via a terminal 37 by a control 
circuit for controlling the entire apparatus. For 
instance, if the original value of the Jl byte is 
"00" in the hexadecimal form, the hexadecimal value 
"00" is set via the terminal 37. 

In addition, the Jl detect ing/ inserting 
part 36A supplies difference information shown in 
FIG. 8(G) between the Jl byte phase information and 
the inserted fixed data, in detail, an EOR operation 
result by a unit of one bit, to the B3 
detecting/inserting part 38A. Here, if the Jl 
detecting/inserting part 36A receives a path alarm 
from the pointer detecting part 30A, the Jl 
detecting/inserting part 36A directly passes all the 
sender path data to the B3 detecting/inserting part 
38A without performing the above-mentioned process. 

The B3 detecting/inserting part 38A 
directly supplies the receiver path data other than 
the B3 byte to a path switching part (SEL) . Based 
on the phase information from the pointer detecting 
part 30A shown in FIG. 8(H), the B3 
detecting/inserting part.38A retains the B3 byte 
phase information in the receiver path data in FIG. 
8 (H) and then obtains difference information between 
the B3 byte phase information and the difference 
information from the Jl detecting/inserting part 36A. 
Then, the obtained difference information is 
inserted into the B3 byte phase again. In detail, 
the B3 detecting/inserting part 38A performs the EOR 
operation of the B3 byte phase information and the 
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difference information from the Jl 

detecting/inserting part 36A and then inserts the 
difference information shown into the B3 byte phase 
again. The inserted data are shown as a signal in 
5 FIG. 8 (K) . 

As mentioned above, the EOR operated 
difference information is provided to the B3 byte as 
a feedback. If the BIP operation result is inserted 
into the Jl byte in the operation range of the B3 

10 byte, there arises a B3 byte error. Thus, the value 
of the B3 byte is determined in accordance with the 
value of the Jl byte in which the BIP operation 
value is inserted in order to avoid such a B3 byte 
error. Here, if the B3 detecting/inserting part 38A 

15 receives a path alarm from the pointer detecting 
part 30A, the B3 detect ing/ insert ing part 38A 
directly passes all the receiver path data to the 
path switching part 42 without performing the above- 
mentioned process . 

20 Also, the pointer detecting part 30B 

detects an AU pointer in FIG. 8(A) received through 
the communication path j3 in the 8 bit parallel form. 
If AUPTR has all n l"s therein, the pointer detecting 
part 30B detects a path alarm (AU-AIS, AU-LOP) . If 

25 the pointer detecting part 30B does not detect any 

path alarm, the pointer detecting part 30B generates 
various timings from the pointer value. Then, the 
pointer detecting part 30B supplies operation range 
information to a BIP operating part 32B, an error 

30 detection timing to an error detecting part 

(ERRORDET) 34B, path alarm information and Jl byte 
phase information shown in FIG. 8(D) to a Jl 
detecting/ inserting part 36B, the path alarm 
information and B3 byte phase information shown in 

35 FIG. 8(H) to a B3 detecting/ inserting part 38B, and 
the path alarm information to the selection control 
part (SELCONT) 40. 
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Based on the operation range from the 
pointer detecting part 30B, the BIP operating part 
32B perform the BIP operation and then supplies the 
BIP operation result shown in FIG. 8(B) to the error 
5 detecting part 34B. The error detecting part 34B 
compares the BIP operation result from the BIP 
operating part 32B with the Jl byte phase 
information in FIG. 8(F) that the Jl 
detecting/inserting part 36B extracts from the 

10 receiver path data and then supplies the comparison 
result, that is, error information, in FIG. 8(C) to 
the selection control part 40. 

The Jl detecting/inserting part 36B 
directly supplies the receiver path data other than 

15 the Jl byte to the B3 detecting/ inserting part 38B. 
Based on the phase information from the pointer 
detecting part 30B, the Jl detecting/inserting part 
36B retains the Jl byte in the receiver path data in 
FIG. 8(F) and then supplies the Jl byte phase 

20 information to the error detecting part 34B. In 
addition, the Jl detecting/inserting part 36B 
inserts fixed data (for instance, W FF" in the 
hexadecimal form) shown in FIG. 8(E) into the Jl 
byte phase information . Here, the fixed data 

25 indicating an original value of the Jl byte is set 
via the terminal 37 by the control circuit for 
controlling the entire apparatus. 

Furthermore, the Jl detect ing/ insert ing 
part 36B supplies difference information between the 

30 retained Jl byte phase information and the inserted 
fixed data, in detail, the EOR operation result by a 
unit of bit shown in FIG. 8(G), to the B3 
detecting/inserting part 38B. Here, if the Jl 
detecting/inserting part 36B receives a path alarm 

35 from the pointer detecting part 30B, the Jl 

detecting/inserting part 36B directly passes all the 
receiver path data to the B3 detecting/inserting 
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part 38B without performing the above-mentioned 
process . 

The B3 detecting/inserting part 38B 
supplies the receiver path data other than the B3 
5 byte to the path switching part (SEL) 42. Based on 
the phase information from the pointer detecting 
part 30B shown in FIG. 8(H), the B3 
detecting/inserting part 38B retains the B3 byte 
shown in FIG. 8(H) in the receiver path data and 

10 obtains difference information between the B3 byte 
phase information and the difference information 
from the Jl detect ing/ inserting part 36B. In detail, 
the B3 detecting/inserting part 38B performs the EOR 
operation of the B3 byte and the difference 

15 information from the Jl detecting/inserting part 36B 
by a unit of one bit and then inserts the difference 
information shown in FIG. 8 (J) into the B3 byte 
phase again. The inserted data are shown as a 
signal in FIG. 8 (K) . Here, if the B3 

20 detecting/inserting part 38B receives a path alarm 
from the pointer detecting part 30B, the B3 
detecting/inserting part 38B directly passes all the 
receiver path data to the path switching part 42 
without performing the above-mentioned process. 

25 Based on the switch information from the 

selection control part 40, the path switching part 
42 switches a path. Based on the path alarm 
information from the pointer detecting parts 30A and 
30B and error information from the error detecting 

30 parts 34A and 34B, the selection control part 40 

generates path switch information and then supplies 
the generated path switch information to the 
selection control part 40. FIG. 9 shows an example 
of path switching control by the selection control 

35 part 40. In FIG. 9, a* represents that the 

communication path a is selected, and & represents 
that the communication path £ is selected. The 
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notation H represents that the current communication 
path persists. 

As mentioned above, it is possible to 
detect an error between adjacent transmission 
5 apparatuses by using the Jl byte. Even if a 
communication path includes a redundant 
communication path in the middle thereof, it is 
possible to determine whether or not there arises an 
error with respect to only the redundant 
10 communication path. As a result, it is possible to 
avoid an unnecessary path switching operation due to 
an error in the upper stream of the redundant 
communication path . 

According to the first embodiment, the BIP 
15 operation result is directly inserted into the Jl 
byte. However, the Jl detecting/ insert ing part 22 
in the sender side circuit may switch a frame where 
the BIP operation result is directly inserted as 
even parity and a frame where the inverted BIP 
20 operation result is inserted as odd parity 

alternately between every two frames. The error 
detecting parts 34A and 34B in the receiver side 
circuit take synchronization of the even parity/the 
odd parity. Then, the Jl byte is inverted in the 
25 even parity frame so as to make comparison with the 
BIP operation result, and the Jl byte is inverted in 
the odd parity frame so as to make comparison with 
the BIP operation result. In this configuration, 
even if there arises an error such that a portion 
30 related to a parallel process during communication 

is fixed as "0" or "1", it is possible to detect the 
error. 

As a synchronization method for 
synchronizing the even parity and the odd parity in 
35 the error detecting parts 34A and 34B in the 

receiver side circuit, for instance, if every bit of 
the BIP operation result coincides with the 



corresponding bit of the Jl byte in the previous 
frame and neither bit of the BIP operation result 
coincides with the corresponding bit of the Jl byte 
in the current frame, it is determined that the 
previous frame pertains to the even parity and the 
current frame pertains to the odd parity. 
Hereinafter, as long as neither bit of the BIP 
operation result coincides with the corresponding 
bit of the Jl byte for two consecutive times, it is 
considered that the even parity/the odd parity are 
switched alternately. 

Recently, meanwhile, there are a large 
number of systems that use an uninterruptible 
switching method for uninterruptibly switching a 
redundant communication path. In such an 
uninterruptible switching method, information for 
identifying a turn of a frame is inserted into a 
certain byte in POH at the sender side, and 
synchronization is taken with respect to the frame 
turn at the receiver side. Then, the order of 
signals in the redundant communication path is 
arranged prior to a selector for switching the 
communication path by using a memory. Then, each 
signal (path) is monitored through the B3 byte. If 
the current communication path has an error, even i: 
the error results from only one bit, and the other 
communication path has no error, the current 
communication path is switched to the other 
communication path so as to avoid interruption 
caused by the error in the redundant communication 
path . 

FIG. 10 is a block diagram of an example 
of a conventional sender circuit for performing an 
uninterruptible switching operation. In FIG. 10, a 
pointer detecting part 50 detects AUPTR from sender 
path data supplied in 8 bit parallel form in order 
to detect a path alarm. If the pointer detecting 



part 50 does not detect any path alarm, the pointer 
detecting part 50 generates various timings. Then, 
the pointer detecting part 50 supplies path alarm 
information and Jl byte phase information to a Jl 
detecting/inserting part 52, and the path alarm 
information and B3 byte phase information to a B3 
detecting/inserting part 54. 

As is shown in FIG. 11, a multi-frame 
generating part (MFGEN) 56 generates a multi-frame 
pattern whose individual frame is formed of 1 byte 
and then supplies the multi-frame pattern to the Jl 
detecting/inserting part 52. The multi-frame 
pattern has a fixed pattern formed of all "0"s in 
the first frame through 62nd frame, "01010101" in 
the 63rd frame, and "10101010" in the 64th frame. 

The Jl detecting/inserting part 52 
directly supplies the sender path data other than 
the Jl byte to the B3 detecting/inserting part 54. 
Based on the phase information from the pointer 
detecting part 50, the Jl detecting/ inserting part 
52 retains Jl byte phase information in the sender 
path data and then inserts a multi-frame pattern 
generated by the multi-frame generating part 56 into 
the Jl byte phase. In addition, the Jl 
detecting/inserting part 52 supplies difference 
information between the retained Jl byte phase 
information and the inserted multi-frame pattern, in 
detail, the EOR operation result by a unit of bit, 
to the B3 detecting/inserting part 54. Here, if the 
Jl detecting/inserting part 52 receives a path alarm 
from the pointer detecting part 50, the Jl 
detecting/inserting part 52 directly passes all the 
sender path data to the B3 detecting/ inserting part 
54 without performing the above-mentioned process. 

The B3 detecting/inserting part 54 
directly passes the sender path data other than the 
B3 byte to a distributing part 58. Based on the 



phase information from the pointer detecting part 50, 
the B3 detecting/inserting part 54 retains the B3 
byte phase information in the sender path data and 
obtains difference information between the retained 
B3 byte phase information and the difference 
information from the Jl detecting/ inserting part 52. 
In detail, the B3 detecting/ inserting part 54 
performs the EOR operation of the retained B3 byte 
phase information and the difference information 
from the Jl detect ing/ inserting part 52 and inserts 
the resulting difference information into the B3 
byte phase again. Here, if the B3 

detecting/inserting part 54 receives a path alarm 
from the pointer detecting part 50, the B3 
detecting/inserting part 54 directly passes all the 
sender path data to the distributing part 58 without 
performing the above-mentioned process. The 
distributing part 58 branches the supplied signal 
and delivers the branched signals to the 
communication paths a and # . 

FIG. 12 is a block diagram of an example 
of a conventional receiver circuit for performing an 
uninterruptible switching operation. In FIG. 12, a 
pointer detecting part 60A detects an AU pointer 
from receiver path data supplied from the 
communication path a in 8 bit parallel form. If 
AUPTR has all "l"s therein, the pointer detecting 
part 60A detects a path alarm (AU-AIS, AU-LOP) . If 
the pointer detecting part 60A does not detect any 
path alarm, the pointer detecting part 60A generates 
various timings from the pointer value. As a result, 
the pointer detecting part 60A supplies operation 
range information to a BIP operating part 62A, an 
error detection timing to an error detecting part 
64A, path alarm information and the Jl byte phase 
information to a Jl detecting part 66A and a multi- 
frame detecting part (MFDET) 70A, the B3 byte phase 



information to a B3 detecting part 68A, the path 
alarm information and the pointer value to a writing 
control part 72A, and the path alarm information to 
a selection control part ( SELCONT) 80. 

Based on the operation range from the 
pointer detecting part 60A, the BIP operating part 
62A performs BIP operation and then supplies the 
operation result to the error detecting part 64A. 
Based on the B3 byte phase information, the B3 
detecting part 68A retains B3 byte phase information 
in the receiver path data and supplies the retained 
B3 byte phase information to the error detecting 
part 64A. By comparing the operation result from 
the BIP operating part 62A with the B3 byte phase 
information from the B3 detecting part 68A, the 
error detecting part 64A supplies the comparison 
result to the selection control part 80. 

Based on the Jl byte phase information 
from the pointer detecting part 60A, the Jl 
detecting part 66A retains the Jl byte phase 
information in the received path data and supplies 
the retained Jl byte phase information to the multi- 
frame detecting part 70A. Based on the Jl byte 
phase information from the pointer detecting part 
60A, the multi-frame detecting part 70A takes 
synchronization with the multi-frame inserted into 
the Jl byte and then supplies the synchronization 
information to the writing control part 72A and the 
comparing control part 76. The writing control part 
72A supplies to a memory 74A a write address and a 
write enable generated based on the path alarm 
information and the pointer value from the pointer 
detecting part 60A and the multi-frame 
synchronization information from the multi-frame 

detecting part 70A. 

The pointer detecting part 60B detects an 
AU pointer from the received path data supplied from 
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the communication path j3 in 8 bit parallel form. 
If AUPTR has all " 1 " s , the pointer detecting part 
60B detects a path alarm (AU-AIS, AU-LOP) . If the 
pointer detecting part 60B does not detect any path 
5 alarm, the pointer detecting part 60B generates 

various timings from the pointer value. As a result, 
the pointer detecting part 60B supplies operation 
range information to a BIP operating part 62B, an 
error detection timing to an error detecting part 

10 64B, path alarm information and Jl byte phase 

information to a Jl detecting part 66B and a multi- 
frame detecting part (MFDET) 70B, B3 byte phase 
information to a B3 detecting part 68B, the path 
alarm information and the pointer value to a writing 

15 control part 72B, and the path alarm information to 
the selection control part (SELCONT) 80. 

Based on the operation range from the 
pointer detecting part 60B, the BIP operating part 
62B performs the BIP operation and then supplies the 

20 operation result to the error detecting part 64B. 
Based on the B3 byte phase information, the B3 
detecting part 68B retains the B3 byte phase 
information in the receiver path data and then 
supplies the retained B3 byte phase information to 

25 the error detecting part 64B. By comparing the 
operation result from the BIP operating part 62B 
with the B3 byte phase information from the B3 
detecting part 68B, the error detecting part 64B 
supplies the comparison result to the selection 

30 control part 80. 

Based on the Jl byte phase information 
from the pointer detecting part 60B, the Jl 
detecting part 66B retains the Jl byte in the 
received path data and then supplies the retained Jl 

35 byte to the multi-frame detecting part 70B. Based 
on the Jl byte phase information from the pointer 
detecting part 60B, the multi-frame detecting part 



70B takes synchronization with the multi-frame 
inserted into the Jl byte and then supplies the 
synchronization information to the writing control 
part 72B. The writing control part 72B supplies to 
a memory 74B a write address and a write enable 
generated based on the path alarm information and 
the pointer value from the pointer detecting part 
60B and the multi-frame synchronization information 
from the multi-frame detecting part 70B. 

The comparing control part 76 compares the 
multi-frame synchronization information from the 
multi-frame detecting part 70A with that from the 
multi-frame detecting part 70B. The comparing 
control part 7 6 determines a readable phase that can 
be read in the same phase and then supplies the 
readable phase to a reading control part 78. The 
reading control part 78 supplies a read address and 
a read enable information generated based on the 
readable phase to the memories 74A and 74B. 

Based on the path alarm information from 
the pointer detecting parts 60A and 60B and the 
error information from the error detecting parts 64A 
and 64B, the selection control part 40 generates 
path switch information and then supplies the path 
switch information to a path switching part 82. The 
path switching part 82 switches a communication path 
based on the switch information from the selection 

control part 80 . 

Even in the above-mentioned conventional 

method, when one bit error in the B3 byte is 

detected, it is possible to perform an 

uninterruptible switching operation. However, when 

there is such trouble that a portion for processing 

a bit becomes "0", there arise a first problem in 

that the error cannot be detected through a 

conventional BIP operation and a second problem in 

that an unnecessary path switching operation is 
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caused due to an error in the upper stream of a 
redundant communication path. The following second 
embodiment of the present invention overcomes the 
first and the second problems . 
5 FIG. 13 is a block diagram of a sender 

circuit for performing an uninterruptible switching 
operation according to the second embodiment of the 
present invention. This sender circuit is provided 
to the transmission apparatus B in FIG. 3. In FIG. 
10 13, the same parts as those in FIG. 10 are referred 
to as the same numerals. In FIG. 13, a pointer 
detecting part 50 detects AUPTR from sender path 
data supplied in 8 bit parallel form and then 
detects a path alarm. If the pointer detecting part 
15 50 does not detect any path alarm, the pointer 

detecting part 50 generates various timings from the 
pointer value. Then, the pointer detecting part 50 
supplies path alarm information and Jl byte phase 
information to a Jl detecting/ inserting part 90, the 
20 path alarm information and B3 byte phase information 
to a B3 detecting/inserting part 54, and operation 
range information to a BIP operating part 92. 

Based on the operation range from the 
pointer detecting part 50, the BIP operating part 92 
25 performs BIP operation and then supplies the 

operation result to the Jl detecting/inserting part 
90. A multi-frame generating part 94 supplies 
multi-frame information for representing the first 
through the 64th frames to the Jl 
30 detecting/inserting part 90. 

The Jl detecting/inserting part 90 
directly supplies sender path data other than the Jl 
byte to the B3 detecting/ inserting part 54. Based 
on the phase information from the pointer detecting 
35 part 50, the Jl detecting/ inserting part 90 retains 
the Jl byte in the sender path data. As is shown in 
FIG. 14, then, if a multi-frame pattern represents 
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the first through the 63rd frames generated by the 
multi-frame generating part 94, the Jl 
detecting/inserting part 90 inserts the BIP 
operation result supplied from the BIP operating 
5 part 92 into the phase of the above-mentioned Jl 

byte. On the other hand, if the multi-frame pattern 
represents the 64th frame, the Jl 
detecting/inserting part 90 inverts the BIP 
operation result supplied from the BIP operating 
10 part 92 and then inserts the inverted BIP operation 

result into the phase of the above-mentioned Jl byte. 
Also, the Jl detecting/inserting part 90 supplies 
difference information between the retained Jl byte 
and the inserted BIP operation result (or the 
15 inverted data thereof), in detail, EOR operation 
result by a unit of one bit, to the B3 
detecting/inserting part 54. Here, if the Jl 
detecting/inserting part 90 receives a path alarm 
from the pointer detecting part 50, the Jl 
20 detecting/inserting part 90 directly passes all the 
sender path data to the B3 detecting/ inserting part 
54 without performing the above-mentioned process. 

The B3 detecting/inserting part 54 
directly supplies sender path data other than the B3 
25 byte to a distributing part 58. Based on the phase 
information from the pointer detecting part 50, the 
B3 detecting/inserting part 54 retains the B3 byte 
in the sender path data and then obtains difference 
information between the retained B3 byte and the 
30 difference information from the Jl 

detecting/inserting part 90. In detail, the B3 
detecting/inserting part 54 performs EOR operation 
by a unit of one bit and inserts the difference 
information into the B3 byte again. 
35 as mentioned above, the EOR operated 

difference information is provided to the B3 byte as 
a feedback. If the BIP operation result is inserted 



into the Jl byte in the operation range of the B3 
byte, there arises a B3 byte error in the receiver 
side. Thus, the value of the B3 byte is determined 
in accordance with the value of the Jl byte in which 
the BIP operation value is inserted in order to 
avoid the above-mentioned B3 byte error. Here, if 
the B3 detecting/inserting part 54 receives a path 
alarm from the pointer detecting part 50, the B3 
detecting/inserting part 54 directly supplies all 
the sender path data to the distributing part 58 
without performing the above-mentioned process. The 
distributing part 58 branches the supplied signal 
and then delivers the branched signal to the 

communication paths a and # . 

FIG. 15 is a block diagram of a receiver 
circuit for performing an uninterruptible switching 
operation according to the second embodiment of the 
present invention. This receiver circuit is 
provided to the transmission apparatus C in FIG. 3. 
In FIG. 15, a pointer detecting part 60A detects an 
AU pointer in receiver path data supplied from the 
communication path a in 8 bit parallel form. If 
AUPTR has all "l"s therein, the pointer detecting 
part 60A detects a path alarm (AU-AIS, AU-LOP) . If 
the pointer detecting part 60A does not detect any 
path alarm, the pointer detecting part 60A generates 
various timings from the pointer value. Then, the 
pointer detecting part 60A supplies operation range 
information to a BIP operating part 62A, an error 
detection .timing to an error detecting part 100A, 
path alarm information and Jl byte phase information 
to a Jl detecting/inserting part 102A and a multi- 
frame detecting part 104A, B3 byte phase information 
to a B3 detecting/inserting part 106A, the path 
alarm information and the pointer value to a writing 
control part 72A, and the path alarm information to 
a selection control part 80. 



Based on the operation range from the 
pointer detecting part 60A, the BIP operating part 
62A performs BIP operation and then supplies the 
operation result to the error detecting part 64A. 
The Jl detecting/inserting part 102A directly 
supplies receiver path data other than the Jl byte 
to the B3 detecting/inserting part 106A. Based on 
the phase information from the pointer detecting 
part 100A, the Jl detecting/inserting part 102A 
retains Jl byte in the receiver path data and 
supplies the retained Jl byte to the error detecting 
part 100A. Furthermore, the Jl detecting/inserting 
part 102A inserts fixed data (for instance, "FF" in 
the hexadecimal form) into the phase of the Jl byte. 
As a result, it is possible to restore the Jl byte 
to which the BIP operation value is inserted in the. 
receiver side. Here, fixed data indicating an 
original value of the Jl byte is set by a control 
circuit for controlling the entire apparatus via a 

terminal 103. 

In addition, the Jl detecting/inserting 
part 102A supplies difference information between 
the retained Jl byte and the inserted fixed data, in 
detail, EOR operation result by one unit of bit, to 
the B3 detecting/inserting part 106A. Here, if the 
Jl detecting/inserting part 102A receives a path 
alarm from the pointer detecting part 60A, the Jl 
detecting/inserting part 102A directly supplies all 
the sender data to the B3 detecting/ inserting part 
106A without performing the above-mentioned process. 

Based on the phase information from the 
pointer detecting part 60B, the B3 

detecting/inserting part 106A extracts B3 byte from 
receiver path data and then retains the extracted B3 
byte. Then, the B3 detecting/inserting part 106A 
obtains difference information between the retained 
B3 byte and the difference information from the Jl 
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detecting/inserting part 36B. In detail, the B3 
detecting/inserting part 106A performs E'OR operation 
by a unit. of one bit and then inserts the difference 
information into the B3 byte again. 
5 As mentioned above, the EOR operated 

difference information is inserted into the B3 byte 
so that the B3 byte error can be avoided because if 
the BIP operation value is inserted into the Jl byte 
in the operation range of the B3 byte, the B3 byte 

10 error arises. Here, if the B3 detecting/inserting 
part 106A receives a path alarm from the pointer 
detecting part 60B, the B3 detecting/ inserting part 
106A directly supplies all the receiver path data to 
a path switching part 82 without performing the 

15 above-mentioned process. 

By comparing the operation result from the 
BIP operating part 62A with the Jl byte from the Jl 
detecting/inserting part 102A, the error detecting 
part 100A supplies the comparison result, that is, 

20 an error condition, to a multi-frame detecting part 
104A. Based on multi-frame information from the 
multi-frame detecting part 104A, the error detecting 
part 100A compares the Jl byte with the BIP 
operation result in the first through' the 63rd 

25 frames and with the inverted BIP operation result in 
the 64th frame. Then, the error detecting part 100A 
supplies the comparison result to the selection 
control part 80. 

Based on the comparison result from the 

30 error detecting part 100A, for instance, if neither 
bit coincides in the previous frame and all the bits 
coincide in a current frame, the multi-frame 
detecting part 104A takes synchronization with a 
multi-frame by setting the current frame as the 

35 first frame and then supplies the synchronization 
information to a writing control part 72A and a 
comparing control part 76. Here, if the multi-frame 



detecting part 104A receives a path alarm from the 
pointer detecting part 60A, the multi-frame 
detecting part 104A retains the current multi-frame 
synchronization condition and takes the multi-frame 
synchronization again when the alarm is cancelled. 

The writing control part 72A supplies to a 
memory 74A a write address and a write enable 
generated based on the path alarm information and 
the pointer value from the pointer detecting part 
60A and the multi-frame synchronization information 
from the multi-frame detecting part 70A. 

A pointer detecting part 60B detects an AU 
pointer in receiver path data supplied from the 
communication path 0 in 8 bit parallel form. If 
AUPTR has all "l"s therein, the pointer detecting 
part 60B detects a path alarm (AU-AIS, AU-LOP) . If 
the pointer detecting part 60B does not detect any 
path alarm, the pointer detecting part 60B generates 
various timings from the pointer value. Then, the 
pointer detecting part 60B supplies operation range 
information to a BIP operating part 62B, an error 
detection timing to an error detecting part 100B, 
path alarm information and Jl byte phase information 
to a Jl detecting/inserting part 102B and a multi- 
frame detecting part 104B, B3 byte phase information 
to a B3 detecting/inserting part 106B, the path 
alarm information and the pointer value to a writing 
control part 72B, and the path alarm information to 
the selection control part 80. 

Based on the operation range from the 
pointer detecting part 60B, the BIP operating part 
62B performs BIP operation and then supplies the 
operation result to the error detecting part 64B. 
The Jl detecting/inserting part 102B directly 
supplies receiver path data other than the Jl byte 
to the B3 detecting/inserting part 106B. Based on 
the phase information from the pointer detecting 
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part 60B, the Jl detect ing/ insert ing part 102B 
retains the Jl byte in the receiver path data and 
supplies the retained Jl byte to the error detecting 
part 100B. Furthermore, the Jl detecting/ inserting 
part 102B inserts fixed data (for instance, "FF" in 
the hexadecimal form) into the phase of the Jl byte. 
As a result, it is possible to restore the Jl byte 
to which the BIP operation value is inserted in the 
receiver side. Here, fixed data indicating an 
original value of the Jl byte is set by a control 
circuit for controlling the entire apparatus via the 

terminal 103 . 

In addition, the Jl detecting/inserting 
part 102B supplies difference information between 
the retained Jl byte and the inserted fixed data, in 
detail, EOR operation result by a unit of one bit, 
to the B3 detecting/inserting part 106B. Here, if 
the Jl detecting/inserting part 102B receives a path 
alarm from the pointer detecting part 60B, the Jl 
detecting/inserting part 102B directly supplies all 
the sender data to the B3 detecting/ inserting part 
106B without performing the above-mentioned process. 

Based on the phase information from the 
pointer detecting part 60B, the B3 

detecting/inserting part 106B extracts the B3 byte 
from receiver path data and then retains the 
extracted B3 byte. Then, the B3 detect ing/ inserting 
part 106B obtains difference information between the 
retained B3 byte and the difference information from 
the Jl detecting/inserting part 36B. In detail, the 
B3 detecting/inserting part 106B performs EOR 
operation by a unit of one bit and then inserts the 
difference information into the B3 byte again. Here, 
if the B3 detecting/inserting part 106B receives a 
path alarm from the pointer detecting part 60B, the 
B3 detecting/inserting part 106B directly supplies 
all the receiver path data to the path switching 



part 82 without performing the above-mentioned 
process . 

By comparing the operation result from the 
BIP operating part 62B with the Jl byte from the Jl 
detecting/inserting part 102B, an error detecting 
part 100B supplies the comparison result, that is, 
an error condition, to a multi-frame detecting part 
104B. Based on multi-frame information from the 
multi-frame detecting part 104B, the error detecting 
part 100B compares the Jl byte with the BIP 
operation result in the first through the 63rd 
frames and with the inverted BIP operation result in 
the 64th frame. Then, the error detecting part 100B 
supplies the comparison result to the selection 

control part 80 . 

Based on the comparison result from the 
error detecting part 100B, for instance, if neither 
bit coincides in the previous frame and all the bits 
coincide in a current frame, the multi-frame 
detecting part 104B takes synchronization with a 
multi-frame by setting the current frame as the 
first frame and then supplies the synchronization 
information to a writing control part 72B and the 
comparing control part 76. Here, if the multi-frame 
detecting part 104B receives a path alarm from the 
pointer detecting part 60B, the multi-frame 
detecting part 104B retains the current multi-frame 
synchronization condition and takes the multi-frame 
synchronization again when the alarm is cancelled. 

The writing control part 72B supplies to a 
memory 74B a write address and a write enable 
generated based on the path alarm information and 
the pointer value from the pointer detecting part 
60B and the multi-frame synchronization information 
from the multi-frame detecting part 70B. 

The comparing control part 76 compares the 
multi-frame synchronization information from the 
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multi-frame detecting part 104A with that from the 
multi-frame detecting part 104B and determines a 
readable phase that can be read in the same phase. 
Then, the comparing control part 7 6 supplies the 
readable phase to a reading control part 78. The 
reading control part 78 supplies a read address and 
read enable information generated based on the 
readable phase to the memories 74A and 74B. 

The selection control part 40 generates 
path switch information based on the path alarm 
information from the pointer detecting parts 60A and 
60B and error information from the error detecting 
parts 64A and 64B to the path switching part 82. 
Based on the path switch information from the 
15 selection control part 80, the path switching part 
82 switches a communication path. 

In the above embodiment, even if there is 
an error prior to the redundant communication path, 
it is possible to determine whether or not there is 
an error with respect to only the redundant 
communication path by detecting a 1 bit error in the 
Jl byte. As a result, it is possible to perform an 
uninterruptible switching operation by avoiding an 
unnecessary path switch. 

In addition, in the case where there 
arises such trouble that a portion for processing a 
bit becomes "0", since the BIP operation result is 
inserted into the Jl byte in the first through the 
63rd frames in the sender side and the inverted BIP 
operation result is inserted into the Jl byte in the 
64th frame in the receiver side, it is possible to 
detect the above error. 

Here, the Jl detecting/ inserting parts 22 
and 90 correspond to a second predetermined byte 
inserting part in the claims. The error detecting 
parts 34A, 34B, 100A and 100B correspond to a second 
predetermined byte comparing part. The Jl 
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detecting/inserting part 90 includes an inverting 
part. The multi-frame detecting parts 104A and 104B 
correspond to a synchronizing part. The B3 
detecting/inserting parts 24 and 54 correspond to a 
first correcting part. The B3 detecting/ inserting 
parts 38A, 38B, 106A and 106B correspond to a second 
correcting part. The Jl detecting/inserting parts 
36A, 36B, 102A and 102B include a fixed value 
inserting part. The pointer detecting parts 20 and 
50 correspond to a first path alarm detecting part. 
The pointer detecting parts 30A, 30B, 60A and 60B 
correspond to a second path alarm detecting part. 



